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BTEC 

GUIDANCE FOR STUDENTS 


SECTION A 

Q1 The following DC measurements were taken for the four-terminal 
network shown in Fig. 1. Calculate h 0 and h R for the following static 
condition: 


V, 

% 

/, 

h 

650 mV 

5 2V 

22 pA 

5 72 m A 


l\ 


h 

fr~ 

NETWORK 


° 




° 


Fig. 1 


A1 




I 2 5-72 X 10’ 3 


S-7 


S = 11 mS. 


A2 The sketch shows a simplified amplifier input circuit when capac¬ 
itor C E is disconnected. The three voltages shown are alternating quan¬ 
tities (signal voltages). 



[Tutorial note: The arrow used with each alternating voltage points to 
the end which is positive when the alternating quantity is positive.] 

The effective input to the transistor is v hc \ thus the larger its value, 
the greater is the output voltage for a particular circuit. 

From the sketch, 


h 


R 


n 

Vi 


650 x 1(T 3 

?2 


= 0125. 


Q2 Explain briefly , with the aid of a diagram , why the gain of the ampli¬ 
fier stage shown in Fig. 2 changes when the emitter bypass capacitor is 
disconnected. 


"s = ”be + ”r- 

Vbe = »s-»f .( 1 ) 

When capacitor C E is connected, its low impedance at the signal fre¬ 
quency reduces the value of v f to practically zero. Equation (1) now 
becomes: 


”be = ” s - 



This condition results in a much larger output signal voltage. A con¬ 
siderably higher gain is thus obtained when capacitor C E is connected. 

Q3 (a) Explain briefly what is meant by white noise. 

{b) Give an example of this type of noise. 

(c) State an example of a noise type which does not come into this 
category and describe how it differs. 

A3 (a) White noise has a flat frequency spectrum. The noise power per 
unit bandwidth is constant. 

( b) An example of white noise is thermal noise. 

[Tutorial note: RMS noise voltage = y/{4kRTB ), 

where B is the bandwidth in hertz, 

T is the absolute temperature in kelvin. 
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BTEC: ELECTRONICS III ( continued) 


R is the resistance in ohms, and 
k is Boltzmann’s constant. 


But, 


noise power oc (noise voltage) 2 , 
noise power oc bandwidth.] 


(<•) An example of noise which is not white noise is excess noise. 
Excess noise does not have constant noise power per unit bandwidth. It 
is also called flicker and 1// noise. The latter name arises because the 
noise is inversely proportional to frequency. Excess noise has equal 
noise power per decade of frequency, and results from the fluctuations 
in the resistivity of the material from which the component is made. The 
noise voltage produced is proportional to the direct current flowing 
through the component. 


Q4 A communication system having unity gain has a signal-to-noise ratio 
of 46 dB. Determine the overall signal-to-noise ratio if two such systems 
are used in tandem. 

A4 Consider a noise-free test signal (5,) being fed into the first system. 
The signal power at the output of the first system = S t . 

Let the noise power at the output of the first system = N x . 


Q6 In an amplifier using negative feedback , determine the feedback frac¬ 
tion required to reduce a previous open-loop voltage gain of 8000 to a 
closed-loop gain of 400. 


A6 Open-loop gain, A = 8000. 

Closed-loop gain, A F = 400, 
A 


where p is the feedback fraction. 


1 -AP' 


400 = - 


8000 


i - mop 

400(1 - 8000/1) = 8000. 

400 - 32 x 10 5 p = 8000. 

-32 x \0 5 p = 7600. 

7600 


46 = 10 log, 0 jj- 

The signal power at the output of the second system = S,. 

The noise power at the output of the second system = N, + N 

S, 

The overall signal-to-noise ratio = 10 log 10 ——, 

2 tv, 


/? = 


•d) 


32 x 10 s ’ 

= -2-375 x l(T 3 . 


Q7 Draw the circuit diagram of an LC oscillator. 

Which components primarily determine the frequency of oscillations? 


= 10 ^log 10 — log 10 2^J. A7 The circuit diagram of the oscillator is shown in the sketch. 


= 10 logio^"- 10 l°8io 2. 


( 2 ) 


S, 


— 

‘'s 

o 



A 






P 



t 



4 


Open-loop gain. A ■ 


0 Feedback fraction, 3 = — 


V 0 

Closed-loop gain, A F = —, 


Substitute for 10 log 10 — from equation (1) in equation (2). 

Overall signal-to-noise ratio = 46—10 log 10 2, 

= 46-3 dB, 

= 43 dB. 


Q5 Define positive feedback. 

Explain briefly how an amplifier can become unstable as a result of 
positive feedback. 

AS The sketch shows the block diagram of an amplifier with feedback. 



The frequency-determining components are LI, Cl and C2. 
Tutorial note: 

1 


Frequency of oscillations, f 0 : 


2 nJiL.Cj) 


hertz, 


where 


C T = 


C,+C 2 


The tuned circuit LI, Cl and C2 is at resonance when the total reac¬ 
tance around the circuit is zero. Let w 0 = 2nf 0 . Thus, 

^Ll — ^Cl + %C2 » 


1 - AP 


.( 1 ) 


Feedback is ‘positive’ when the phase of the signal fed back (u f ) is 
such as to increase the amplitude of the effective input signal (t>j). 
Feedback is ‘positive’ when: 

(\-AP)<\. 

Therefore, the closed-loop gain {A F ) is greater than the open-loop gain 
(A). 

An unstable condition exists when Ap-+ 1. 

(1 - AP)-*0. 

/Ip—> oo. 

Under this condition, no input is required to produce an output and 
an oscillatory state exists. 


1 1 
W 0 C I C2 


-iGH) 

-m 


co 0 L l = 


1 




O) o = 


co 0 Cj 
1 

L,C t * 

1 

j(L x c T y 
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BTEC: ELECTRONICS III (continued) 


Jo 2 *V(L,C t )' J 

Q8 State two factors which affect the frequency stability of an oscillator. 
Explain briefly how the effects of the factors quoted can be reduced. 

A8 (a) Temperature Variation This can cause variations in the values 
of the inductors and capacitors and consequently alter the resonant fre¬ 
quency of the frequency-determining circuit. The effects of temperature 
can be minimised by siting the frequency-determining components well 
away from any heat source and by providing good ventilation to reduce 
temperature changes. In certain cases, the frequency-determining circuit 
can be enclosed within a thermostatically controlled oven. 

{b) Load Variation The load on an oscillator reflects an impedance 
back into the frequency-determining circuit. Load variations can there¬ 
fore produce a shift in the frequency of oscillations, particularly if the 
load is reactive. Isolation of the load from the oscillator can be achieved 
by means of a buffer amplifier. The high input impedance of the buffer 
amplifier provides a light constant load for the oscillator. 


Q10 Sketch the block diagram of a series stabilised power supply that 
uses the comparator technique. 

A10 



SECTION B 


Q9 The circuit shown in Fig. 3 is an example of excessive positive feed¬ 
back. 

Identify this circuit and briefly explain its action. 



QII The data for the two-stage transistor amplifier shown in Fig. 4 is as 
follows: 

TRI h ie = 6 kQ 

h fe = 120 
hoe = 20 pS 
TR2 h ie = 3 8 kQ 

h fe = 150 
h oe = 25 pS 

(a) Sketch the equivalent circuit of the two-stage amplifier at its mid¬ 
band frequencies. 

Indicate the values of all the components shown in your sketch. 

[b) Estimate the following using your equivalent circuit: 

(i) The signal voltages v 2 and v 3 if the input signal voltage , v lt is 
0 8 mV. Assume the signal is at a mid-band frequency. 

(ii) The lower 3 dB frequency. 


A9 The circuit shown in Fig. 3 is a blocking oscillator. 

Positive feedback via transformer T1 ensures that, when the transistor 
initially conducts, it is driven rapidly into saturation. The reduced rate 
of increase of the collector current now causes a decrease in the feed¬ 
back voltage to the base. 

[Tutorial note: The reduced rate of change of the flux linking the sec¬ 
ondary winding (base circuit) results in a smaller mutual induced EMF 
(feedback voltage) in the secondary.] 

The reduction in the positive feedback voltage to the base causes a 
decrease in the collector current. This produces a change in the polarity 
of the feedback voltage, resulting in the transistor becoming cut off. 

[Tutorial note: The reduction in the collector current causes a decrease 
in the flux linking the secondary of transformer T1 and thus produces a 
reversal of the polarity of the mutual induced EMF in the secondary.] 

The transistor is held cut off by the charge acquired by capacitor Cl 
during the transistor’s conducting interval. 

[Tutorial note: The apparent contradiction of a positive on the base, 
and the top plate of capacitor Cl charging negative can be seen to be 
true by considering the sketch. 



The secondary of transformer T1 has been replaced by an equivalent 
generator. The polarity of the generator output is for the circuit condi¬ 
tion when the collector current is initially increasing.] 

The transistor remains cut off until capacitor Cl discharges/charges 
sufficiently through resistor R1 to raise the base potential above cut off. 

The action is then repeated. 



All {a) [Tutorial note: The reactances of the capacitors Cl, C2, C3 
and C4 would be negligible at the mid-band frequencies. These capac¬ 
itors, together with resistor R6, thus do not appear on the equivalent 
circuit.] 

The equivalent circuit is shown in sketch (n). 



V j 

{b) (0 Input current of transistor TRI, /, = —, 

ft,. 


0-8 x KT 3 

- -r — A, 

6 x 10 3 

= 0133 x 10~ 6 A. 
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BTEC: ELECTRONICS III ( continued) 


Total load on transistor TR1 is given by: 

J_J_ J_ J_ J_ 

R Li ^1^ R 2 R-3 R* ^ie 

= — + — + —5— + — + — (where R L1 is in kO). 
50 1-8 120 18 3-8 L1 

R Ll = 1-108 kfi. 

Signal voltage, v 2 = -h fe i\ R Ll , 

= -120 x 0 133 x 10' 6 x 1-108 x 10 3 V, 

= —17*68 mV. 


Input current of transistor TR2, 


= 

hu 


— 17*68 x 10“ 


3-8 x 10 3 
= -4-65 x 10“ 6 A. 

Total load on transistor TR2 is given by: 

/^ XR> 40x4-7 

12 1 40 + 4-7’ 

v +Rs 

M oc 

= 4*21 kO. 

Signal voltage, v 3 = — h fc i 2 R L2 > 

= -150 x ( — 4*65 x 10‘ 6 ) x 4*21 x 10 3 V, 

= 2-94 V . 

(li) [Tutorial note: The reduction in gain at low frequencies is due to 
the increased reactance of the coupling capacitors Cl, C2 and C4.] 

In the two-stage amplifier circuit shown in Fig. 4 the capacitance of 
the coupling capacitor C2 is considerably smaller than the capacitances 
of Cl and C4. The initial low-frequency gain reduction thus depends on 
capacitor C2 and the associated circuit shown in sketch (b). The initial 
simplification of this circuit is shown in sketch (c). 


i s r i" i 


50k 


/ 120/1 


L-L I I 


00 


174k 


/120/1 






Ra 

—ir~ 

C2 

n 

G 

34 8*1 


Rb 

+ 




J 


(C) 


W) 


In sketch (c), 


50 x 1-8 

' , ‘'S 7 T 5 “- I74ln 

R b = 3*06 kQ. 

Further simplification using Thevenin’s theorem produces sketch (</). 

[Tutorial note: The value of the output of the constant voltage gener¬ 
ator is not required for the solution of this problem.] 

The following condition exists in sketch {d) at the lower 3 dB fre¬ 
quency: 


X C2 = R a + R b = 1740 + 3060 = 4800 Q. 


1 

2nf\C 2 


= 4800. 


Lower 3 dB frequency,/. =-, 

M 1Jt 2n x 4800 x C 2 

_1_ 

" Tn x 4800 x 1 x 1<T 6 ’ 

= 33-16 Hz. 

Q12 (a) State the two main requirements of a high-fidelity audio¬ 
frequency output stage. 

( b ) A complementary power amplifier and driver stage is shown in 
Fig. 5; describe the operation of this circuit. 

(c) Explain y with the aid of a circuit diagram , how the circuit shown in 
Fig. 5 can be modified to reduce the unwanted effects of temperature varia¬ 
tion. 



A12 (n) The two main requirements are: 

(i) to provide the required audio power output into a low-impedance 
loudspeaker load (typically, 4, 8 and 15 Q), and 

(li) to ensure that any distortion present at the output is minimal. 

(6) The operating condition of the driver stage, transistor TR1, is 
class A. This is achieved by means of the potential divider consisting of 
resistors R1 and R2, together with the emitter resistor R5. Capacitor C2 
decouples the emitter of transistor TR1 to prevent negative feedback. 

The collector load of transistor TR1 is resistor R3. 

The output stage, comprising transistors TR2 and TR3, is operated in 
class AB; a small quiescent current flows through transistors TR2 and 
TR3 in the no-signal condition. This is accomplished by the quiescent 
current of transistor TR1, together with resistor R4, which produces an 
offset bias voltage for the bases of transistors TR2 and TR3. 

The low output impedance of the emitter-follower configuration of 
transistors TR2 and TR3 enables a low-impedance loudspeaker load to 
be fed direct. The input signal is coupled by capacitor Cl to the base of 
transistor TR1, and this causes the collector current to vary about its 
quiescent value. The output of transistor TR1, which is the fluctuating 
voltage across resistor R3, is applied to the bases of the output tran¬ 
sistors TR2 and TR3. 

On the positive-going half cycle of the signal, the conduction of tran¬ 
sistor TR2 is increased and transistor TR3 is cut off. The signal current 
flows from +F CC , through transistor TR2 and down through the loud¬ 
speaker load to earth. On the negative-going half cycle of the signal, 
transistor TR3 increases conduction and transistor TR2 is cut off. The 
signal current now flows from earth up through the loudspeaker and 
transistor TR3 to — K cc , so completing the signal cycle at the output. 

(c) The modifications to the circuit are shown in the sketch. 

Temperature changes affect the parameters of the output transistors 
and, as a consequence, the optimum value of the offset bias voltage 
varies with temperature. This effect can be counteracted by replacing 
resistor R4 with transistor TR4, and resistors R6 and R7. 

Transistor TR4 conducts throughout the cycle of the input signal, and 
its operating condition stabilises with ^BE4 at about 0-6 V. The value of 
resistor R7 is chosen so that the current /, is much greater than the 
base current / B4 ; consequently, the potential difference between points A 
and B is given by 

^AB = /t(* 6 + *7* 
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BTEC: ELECTRONICS III (continued) 



Resistor R6 is adjusted to provide the optimum value of the offset 
bias voltage. The offset voltage, Kb> which depends on transistor TR4, 
is now affected by temperature in the same manner as the base-emitter 
voltages of transistors TR2 and TR3. Temperature compensation can 
thus be achieved by mounting transistor TR4 on the heat sink of tran¬ 
sistors TR2 and TR3, to ensure that all three transistors are operating 
at the same temperature. 

[Tutorial note: The circuit, consisting of transistor TR4, and resistors 
R6 and R7, is sometimes called the amplified diode. This name arises 
from the fact that v is a multiple of the voltage drop across the 
forward-biased base-emitter junction of transistor TR4.] 

Capacitor C3 acts as a signal bypass of transistor TR4, ensuring that 
both the bases of the output transistors have the same signal voltage 
applied. The addition of the resistors R8 and R9 improves the stability 
of the quiescent condition of transistors TR2 and TR3 against tem¬ 
perature change. Any tendency for the quiescent collector current to rise 
as a result of temperature increase produces a larger voltage across 
resistors R8 and R9; this effectively reduces the base-emitter voltages of 
the output transistors and counteracts the rise in the quiescent collector 
current. 

[Tutorial note: Resistors R8 and R9 are low-value resistors (typically 
0-5 Q) in order to keep any power loss in these resistors to a minimum.] 


[Tutorial note: The gain-bandwidth product remains almost con¬ 
stant.] 

(//) The input impedance of an amplifier depends on how the feed¬ 
back is applied in the input circuit; that is, whether the feedback com¬ 
ponent is applied in series or in parallel with the input signal. 

Sketch (b) shows an example of series negative feedback. 


o 

t 

ft 

i 

o- 


n 





? > 


1 


T 

n 

1 


T 

t AMPLIFIER 

f ► o • 



.X. 


FEEDBACK 


COMPONENT 


(b) 


In a series negative feedback circuit, the feedback component is a 
voltage (t; f ). 

The feedback voltage (v { ) is combined in series with the input voltage 

W- 

Effective input, w l = v s — v f (v f is in antiphase to i? s ). 

” s = ”i+”r .(1) 

With no feedback ( v f = 0) 


Input Impedance, z in 


'V 


With feedback: 


v i 

= — (u l — v s when v f = 0), 

*i 

= z. 


Input Impedance, z in = -f. 

h 

As v s > u, 


(refer to equation (l)), 



> z. 


Q13 (a) Explain , with the aid of diagrams , how negative feedback affects 
the following properties of an amplifier: 

(/) bandwidth , and 
(ii) input impedance. 

(b) Show , with the aid of a circuit diagram , how series voltage negative 
feedback can be used with an operational amplifier. 

Derive an expression for the feedback fraction of this amplifier circuit. 


A13 (n) (/) In an amplifier, a variation in gain can occur because of 
the impedances of reactive components changing with frequency. 

The use of negative feedback causes a reduction in gain, but also a 
decrease in the gain variation. The overall effect is to increase the band¬ 
width of the amplifier (see sketch (a)). 



Therefore, series negative feedback increases the input impedance. 
Sketch (c) shows an example of parallel negative feedback. 


^ FEEDBACK 
COMPONENT 



AMPLIFIER 


(c) 

In a parallel negative feedback circuit, the feedback component is a 
current (i f ). 

The feedback current (? r ) is combined in parallel with the input 
current (/,). 

Effective input, i t = i % — i r (i r is in anti-phase to i s ). 

U = /.+*;. .(2) 

With no feedback ( i f = 0): 


Input impedance, z, n = 


. » 
's 


= ~ (/, = i s when i r = 0), 

= z. 

With feedback: 


Input impedance, z jn 


*s‘ 
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BTEC: ELECTRONICS III {continued) 


As i s > /, (refer to equation (2)). - - - -o 

INPUT 

VOLTAGE 



Z in < 


Therefore, parallel negative feedback reduces the input impedance. 

{b) Sketch {d) shows an operational amplifier with series voltage nega¬ 
tive feedback. 



TR1 

COLLECTOR 

VOLTAGE 


TR2 

COLLECTOR 

VOLTAGE 


0 

+ ^cc 

0 


(b) 


The current flowing into the operational amplifier is negligible 
because of the very high input impedance. The same current, /, therefore 
flows through both resistors R1 and R2 in sketch (d). 


Feedback voltage, v t = iR 2 . 

Output voltage, v 0 = i{R l + R 2 ). 


Feedback fraction. 



iRi 

i{Ri + R 2 V 

*2 

Rl + ^2 


Q14 Explain , with the aid of a circuit and waveform diagrams, the oper¬ 
ation of a bistable multivibrator. 


A14 The circuit diagram of a bistable multivibrator is shown in sketch 

(4 



(a) 

A bistable multivibrator has two stable states. A change of state 
occurs only when a pulse of the required polarity appears at the input. 
The two stable states are the result of the DC coupling between the two 
transistors. 

The waveforms for the circuit, shown in sketch {b), start with tran¬ 
sistor TR2 initially cut off. The collector of transistor TR2 is at a posi¬ 
tive potential close to -I- V cc . This ensures that the base of transistor 


TR1 is sufficiently positive for the transistor to be conducting heavily. 
The collector of transistor TR1 is consequently almost at zero potential, 
causing the base of transistor TR2 to be negative and thus hold tran¬ 
sistor TR2 off. 

The diodes, D1 and D2, are called steering diodes , as they direct the 
negative input pulse to the base of the conducting transistor. In the 
initial circuit condition shown by the waveforms, the base of transistor 
TR2 is negative, causing diode D2 to be reversed biased. Diode Dl, at 
this instant, is forward biased because the base of transistor TR1 is 
slightly positive. 

On the arrival of a negative trigger pulse at the junction of the two 
diodes, the conduction of diode Dl increases. This results in a fall in the 
base potential of transistor TR1, and it is cut off. The potential at the 
collector of transistor TR1 now rises to almost + K CC . The rise at the 
collector of transistor TR1 causes the base of transistor TR2 to become 
sufficiently positive for it to conduct heavily and its collector potential 
falls to almost zero. This fall reinforces the initial fall at the base of 
transistor TR1, so maintaining transistor TR1 in a cut off condition. 

The circuit remains in this state until the arrival of the next negative 
trigger pulse. The state of the two diodes has also changed. Diode Dl is 
now reverse biased by the negative potential on the base of transistor 
TR1, while diode D2 is forward biased. The next negative trigger pulse 
is thus directed to the base of transistor TR2, so reversing the states of 
the two transistors. Capacitors C2 and C3 are called speed-up capac¬ 
itors. They ensure that a larger change in potential is initially coupled 
from each collector to the opposite base and a more rapid switching 
action during a change in state. 

[Tutorial note: No significant rounding of the positive-going leading 
edge occurs, provided the speed-up capacitors have a small value; for 
example, a value of 100 pF is suitable at a switching frequency of 
1 kHz.] 

The input to a bistable circuit is frequently a square wave. In this 
event, the time constant of capacitor Cl and resistor R1 is arranged to 
be short compared with the period of the square wave, and a form of 
differentiation occurs. The waveform at the junction of the diodes now 
consists of positive- and negative-going pulses, as shown in sketch (c). 
Only the negative pulses trigger the bistable circuit, so producing an 
output of half the frequency of the input waveform at each collector. 


INPUT 

VOLTAGE 


0 


VOLTAGE AT 
JUNCTION 
OF 

DIODES 




( C) 

Questions and answers contributed by C. Wright 
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BTEC: MATHEMATICS II 

The following questions are based on the BTEC’s standard unit U80/691. Students are advised to read the notes on p. 17 


Q1 The frequency for a parallel circuit is given by the formula 

'-U 

Transpose the formula to make R the subject. 


{20 min) 


A1 


Multiplying both sides of the formula by 2n gives 


Squaring both sides gives 


1 


R 2 


4 tt 2 / 2 — T~z 77 * 


R 


Adding —- to both sides gives 


LC 


R 2 


1 


^ 2 / 2 + ^=- 

Multiplying both sides by L 2 gives 


1 


4n 2 f 2 l} + R 1 = 1} x —. 

Cancelling L on the right-hand side of the formula gives 


A3 The sketch shows the points plotted on a graph. A straight line can 
be drawn that passes very close to all the points; thus, the graph follows 
the law I = bA + c. 



4n 2 f 2 L 2 + R 2 = 

Subtracting 4n 2 f 2 l3 from both sides of the formula gives 


R 2 



Taking the square root of both sides gives 




4 n 2 f 2 L 2 C ^ 


Q2 Given the formula 


L = 


Oil 

4n ’ 


draw up a table of values for L , to 2 significant figures, for values of t from 
Is to 3s at intervals of 0 5s , given n = 3-142 and g = 981 m/s 2 . Also 
state the units of L. {13 min ) 


From the graph, when / = 570, A = 0-7, and 
when / = 280, A =0-3. 

Substituting these values in the equation gives 
570 = 0*7 b + c, and 
280 = 0-36 + c. 

Subtracting equation (2) from equation (1) gives 
290 = 0-4 b. 



Substituting b = 725 in equation (1) gives 


570 = 0-7 x 725 + c. 


570 = 507-5 + c. 
c = 570 - 507-5. 


= 62-5. 

Therefore, the equation of the straight line is 
/ = 725/1 + 62-5. 


( 1 ) 

( 2 ) 


A2 


t 

1 

1*5 

2 

2-5 

3 

t 2 

1 

2-25 

4 

6-25 

9 

gt 2 

9-81 

221 

39-2 

61-3 

88*3 

4tt 

12 6 

12-6 

12*6 

12 6 

12 6 

L 

0-78 

1-7 

3-1 

4-9 

7-0 


The units of L are metres/second 2 x second 2 = metres. 


Q3 The maximum safe current I amperes for a cable of A square centi¬ 
metre cross-section is given in the following table of values. 


I 

200 

315 

380 

500 

600 

640 

A 

02 

0 3 

045 

06 

0 75 

0-8 


The law connecting I and A is thought to be of the form / = bA + c 
show that this is true and obtain suitable values for b and c. {40 min) 


Q4 It is known that a straight line passes through the points (/, —3) and 
{4 , 2). Without drawing the graph , find the equation of the straight line 
given that the general equation of a straight line is y = mx + c. {15 min) 

A4 The given point (1, —3) means that when x = 1, y = — 3, and the 
given point (4, 2) means that when x = 4, y = 2. 

Substituting for both sets of values in the equation y = mx + c gives 

— 3 = wi + c, and (1) 

2 = 4/m + c (2) 

Subtracting equation (2) from equation (1) gives 

-5= -3/m. 

»' = ! 

Substituting m = f in equation 1 gives 

— 3 = | + c. 
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BTEC: MATHEMATICS II (continued) 


3-i 

X 

-2 

0 

4 

- _ii 

~ 3 • 

X 

-2 

0 

4 

Therefore, the equation of the straight line is 

+ 1 

1 

1 

1 

II 

>i|U. 

1 

*\z 

o 

UJ 

II 

X 

1 

4^ 

y 

-1 

1 

5 


Q5 On the same axes , sketch the graphs of y = 3x - 1 - 2 and y = 5 — x. 
Indicate the point of intersection and calculate that co-ordinate. (20 min) 


A5 Find two co-ordinates for the graph of y = 3x + 2. 

Let x = 0. Then y = 2. 

Let 3 ' = 0. Then x — * , 

l 
~ 3- 

Find two co-ordinates for the graph of y = 5 — x. 

Let x = 0. Then y — 5. 

Let y = 0. Then x = 5 — y = 5. 

Therefore, the two graphs are as shown in the sketch. 



At the point of intersection, the y co-ordinate of both lines is the 
same. 

3 +2x = 5 — x. 

4x = 3. 

Y _ i 
a — 4 . 

Substituting x = j in the equation y = 5 — x gives 



Therefore, the co-ordinate of P = (j, 4^). 

Q6 (n) Plot the graphs of 
(/) y = 4x *f 7 — x 2 and 
(«) y = x + I 

on the same axes for values of x from —2 to + 6 . 

(h) From the graph , obtain the values of x where the two graphs inter¬ 
sect. 

(c) Find the equation that has these values as roots. (45 min) 


A 6 First, draw up a table of values for both equations, 
(i) y = 4x + 7 — x 2 


X 

-2 

-1 

0 

1 

2 

3 

4 

5 

6 

4x 

-8 

-4 

0 

4 

8 

12 

16 

20 

24 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

— x 2 

-4 

-1 

0 

-1 

-4 

-9 

-16 

-25 

-36 

y 

-5 

2 

7 

10 

11 

10 

7 

2 

-5 


(if) y = x+ 1 (It is only necessary to calculate three points as this is a 
straight line graph.) 


The two graphs are shown in the sketch. 
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(b) See graph. The graphs intersect where x = 4-4 and x = — 1 -4. 

(c) [Tutorial note. The roots of an equation are the solutions of that 
equation. At the points of intersection, the values of y for the two 
graphs are equal. Thus, the required equation is found by equating the 
two equations.] 

4x + 7 - x 2 = x + 1. 

0 = x + 1 — 4x — 7 + x 2 . 
x 2 - 3x - 6 = 0. 

Solving this new equation would give the roots. 

Q7 For Fig. /, calculate 

(fl) the area of the cross-section shown shaded , and 

(b) the length of the arc AB. (15 min) 


A 



A7 («) Area of shaded cross-section = area of sector OAB — area of 
sector OCD. 

The formula for the area of a sector is jr 2 0 , where 0 is measured in 
radians. 

Area of sector OAB = }x 40 2 x 0-6, 

- 800 x 0 - 6 , 

= 480 mm 2 . 
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BTEC: MATHEMATICS II (■ continued) 


Area of sector OCD = \ x 20 2 x 0-6, 

= 200 x 0-6, 

= 120 mm 2 . 

Area of shaded cross-section = 480 — 120, 

= 360 mm 2 . 

{b) The formula for the length of an arc of a sector is r0, where 0 is 
measured in radians. 

Length of arc AB = 40 x 0-6, 

= 24 mm. 

Q8 A triangle ABC has angle A of 50 °, angle C of 70° and side b of 
60 cm. By using the sine rule , calculate the lengths of sides a and c. 

{20 min) 

A8 [Tutorial note: When labelling a triangle, small letters are used to 
represent the lengths of the sides opposite the angles.] 

The given triangle is shown in the sketch. 



Q9 The length of a group of wooden posts were measured to the nearest 
centimetre and the following results were obtained: 


Length {cm) 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

Frequency 

18 

36 

40 

43 

48 

30 

23 

18 

11 

3 

1 


Find the mode of the distribution. {15 min) 

A9 The sketch shows a histogram of the given data. 



From the histogram, the mode = 89-7. 


Q10 Extensions to an existing telephone exchange are to be carried out 
in brickwork to match the original as near as possible. Sample measure¬ 
ments were taken of the combined length of three bricks and three joints 
{in millimetres) as follows: 


685 

715 

695 

685 

725 

705 

675 

695 

705 

715 

725 

695 

665 

705 

695 

655 

665 

675 

685 

655 


(a) Construct a frequency distribution table for these results. 

{b) Calculate their mean and standard deviation. {30 min) 


The sine rule states that 

a b c 
sin/l sin# sinC 

b c 

To find side c, use -— = —-. 

sin B sin C 


b sin C 
c = ———. 
sinB 

But, 

B = 180° -{A + Q. 
B= 180°-(50°+ 70°), 
= 180° - 120°, 

= 60°. 


60 x sin 70° 
sin 60° 

60 x 0-9400 
0-8660 * 
= 65-13 cm. 

To find a t use —-— = —-—. 

sm A sin B 


a = 


b sin A 
sin B 


60 x sin 50 
sin 60 


60 x 0-766 
0-866 
= 53-1 cm. 


A10 (a) 


Length, 

X 

Frequency, 

/ 

d 

fd 

d 2 

fd 1 

655 

2 

-40 

-80 

1600 

3200 

665 

2 

-30 

-60 

900 

1800 

675 

2 

-20 

-40 

400 

800 

685 

3 

-10 

-30 

100 

300 

695 

4 

0 

0 

0 

0 

705 

3 

10 

30 

100 

300 

715 

2 

20 

40 

400 

800 

725 

2 

30 

60 

900 

1800 


a 

ro 

o 


-80 


Ifd 2 = 9000 


{b) Let assumed mean A = 695. 


_ Ifd 
Mean x = A 4- 


= 695 + 


-80 

20 ~’ 


= 695 - 4, 
= 691 cm. 


Ifm 2 flfd\ 2 \ 

Standard deviation = /(— (— 1 1, 


= /f— -( 4) 2 


■) 


V V 20 

= V ( 450 - 16 )> 

= V 434 * 

= 20-83. 

Questions and answers contributed by T. R. Sands 
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BTEC: MICRO ELECTRONIC SYSTEMS II 

The questions in this paper are based on BTEC’s standard unit U79/603. Students are advised to read the notes on p. 17 


[Tutorial note: Some of the questions given below require a knowledge 
of the mnemonics and machine code of a specific microprocessor. It 
would clearly be impossible to duplicate all such questions and answers 
for a range of microprocessors. Therefore, the Zilog Z80 has been 
chosen as a representative microprocessor because of its widespread use 
and machine-code compatability with the Intel 8080 and 8085. Students 
who have studied the Rockwell 6502 or Motorola 6800 should not find 
too much difficulty in adapting the questions for those micro¬ 
processors.] 

A shortened instruction set for the Z80 is given below. 


Mnemonic 

Hexadecimal 

Code 

Comment 

LD A, n 

3E n 

Load the accumulator (register A) 
with data n. 

LD A, B 

78 

Load the accumulator with the 
contents of register B. 

LD B, /i 

06 n 

Load register B with data n. 

LD (HL), B 

70 

Load address (HL) from the 
accumulator. 

LD L, n 

2E n 

Load register L with number n 

LD C, B 

48 

Load register C from B 

LD HL, nn 

21 nn 

Load register pair HL with the 
number nn. 

LD A, (HL) 

7E 

Load the accumulator from address 
(HL) 

LD (HL), A 

77 

Load address (HL) from the 
accumulator. 

ADD A, (HL) 

86 

Add the contents of address (HL) to 
the accumulator. 

ADD A, B 

80 

Add the contents of register B to the 
accumulator. 

AND B 

A0 

Logical and the contents of register B 
with the contents of the 
accumulator. 

SUB n 

D 6 n 

Subtract number n from the 
accumulator. 

INC HL 

23 

Increment register pair HL by 1. 

INC A 

3C 

Increment the accumulator by 1. 

INC C 

0C 

Increment register C 

DEC HL 

2B 

Decrement register pair HL by 1. 

DEC A 

3D 

Decrement the accumulator by 1. 

CALL nn 

CD nn 

Call subroutine at address nn 

JP nn 

C3 n n 

Jump to address nn. 

JP Z nn 

CA n n 

Jump on zero to address nn. 

JP NZ nn 

C2 n n 

Jump on non-zero to address nn. 

HALT 

76 

Halt. 


Q1 Briefly explain why the binary number system is generally used to 
describe the operation of computers. (2 min) 

A1 The logic circuits used in computers are made up of transistors, 
which operate in one of two states, either on or off. Therefore, it is 
convenient to represent these states as a high logic level or a low logic 
level. Binary numbers also have two possible values, known as 1 or 0. 
Therefore, the two states in computer circuits can be represented by the 
two possible binary values, making it convenient to use binary arith¬ 
metic to explain the action of computer circuits. 


Q2 Briefly explain why the hexadecimal numbering system is used in 
preference to binary in connection with microcomputer programming. 

{2 min) 

A2 Although all computers work in binary, it is very difficult for prog¬ 
rammers or operators to remember long strings of binary digits. Since 
hexadecimal numbers are produced by combining groups of four binary 
digits (four bits), it is far more convenient to use hexadecimal numbers 
in computer programming. The numbers generated have fewer digits 
and are therefore easier to remember. The use of hexadecimal numbers 
also makes the task of entry into the computer very much easier from 
simple keypads. 

Since each hexadecimal character represents four binary digits, the 
task of representing the eight bits of the data bus and the sixteen bits of 
the address bus in a typical microcomputer system is very simple; they 
can be represented by two and four hexadecimal characters, respectively. 


Q3 Construct a table showing the decimal , binary , octal and hexadecimal 
numbers from 0 to 20. (4 min) 


A3 


Decimal 

Binary 

Octal 

Hexadecimal 

0 

00000 

0 

0 

1 

00001 

1 

1 

2 

00010 

2 

2 

3 

00011 

3 

3 

4 

00 100 

4 

4 

5 

00101 

5 

5 

6 

00110 

6 

6 

7 

00111 

7 

7 

8 

01000 

10 

8 

9 

01 001 

11 

9 

10 

01010 

12 

A 

11 

01011 

13 

B 

12 

01 100 

14 

C 

13 

01 101 

15 

D 

14 

01 110 

16 

E 

15 

01 111 

17 

F 

16 

10000 

20 

10 

17 

10001 

21 

11 

18 

10010 

22 

12 

19 

10011 

23 

13 

20 

10100 

24 

14 


Q4 Perform the following calculations using a two’s complement method , 
and check your answers in decimal. 

(n) 100100-10 101 
(b) 11001-11100 

(8 min) 


A4 (a) Find the two’s complement of 10 101. 

010101 [Add a leading 0] 

Invert 101010 

Add 1 _1 

101011 

Subtract by adding the two’s complement. 

100100 
101011 
1 001111 

T 

overflow 

(ignore) 

Thus 100100-10101 = 1111. 

In decimal, 100 100 = 36, 

10101 = 21, and 
1111 = 15. 

Thus 36 — 21 = 15, which is correct. 

( b) Find the two’s complement of 11100. 

11 100 
Invert 00011 

Add 1 _1 

00100 

Subtract by adding the two’s complement. 

11001 

00100 

11 101 

No overflow indicates that the number is negative. Its value is found 
by calculating the two’s complement of the answer. 

11 101 
Invert 00010 

Add 1 _[ 

00011 

Thus 11 001 - 11 100 = -00011. 

In decimal, 11 001 = 25, 

11 100 = 28, and 

11 101 in two’s-complement form represents —3. 

Thus 25 — 28 = —3, which is correct. 


Q5 (a) With reference to a microcomputer system , explain what is meant 
by the term * bus ’. 

(b) Briefly explain the function of the main buses. (8 min) 
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BTEC: MICRO-ELECTRONIC SYSTEMS II ( continued) 


A5 (a) A bus is a group of conductors that are functionally related. In 
a computer system there are three major buses, the address bus, the 
data bus and the control bus. 

( b ) Address Bus 

The address bus is a group of conductors that indicates which part of a 
microprocessor system is to operate at any moment. Generally, the 
address bus contains 16 separate wires and, therefore, is capable of 
accessing 2 16 (65 536) different memory locations within the system. The 
address bus is unidirectional; that is, addresses originate in the central 
processing unit (CPU) and are sent to all other devices in the system. 

Data Bus 

The data bus is a group of conductors that carries both the commands 
and the data between all the devices in a microprocessor system. Gener¬ 
ally, an eight-bit microprocessor has eight data lines. In comparison 
with the address bus, these data lines are bidirectional; that is, data can 
be transferred both in and out of the CPU, memory devices, and input/ 
output ports. 

Control Bus 

The control bus is a group of conductors that carries signals that syn¬ 
chronise the whole of the operation of the microprocessor system. Typi¬ 
cally, this may include reading to and writing from memory, reading to 
and writing from input/output devices, interrupts, reset, wait etc. Some 
signals on the control bus originate within the microprocessor; others 
are originated by the peripheral devices. Different CPUs have different 
requirements for control signals and there is, therefore, no standard 
number of lines in the control bus. 


Q6 Briefly explain what is meant by the fetch/execute cycle in a 
microprocessor. (4 min) 

A 6 The fetch/execute cycle refers to a sequence of events that every 
computer must carry out in order to operate any program. Each 
program instruction is individually fetched and executed in turn. The 
fetch part of the cycle refers to the operation by which the computer 
obtains the next instruction from memory. To do this, the computer first 
places an address on the address bus, and sends a control signal to 
implement a memory read operation. A short time later, it reads in the 
data supplied by the memory on the data bus into its instruction regis¬ 
ter. 

The execute part of the cycle refers to the time when the computer 
actually carries out the instruction. This may consist of a simple internal 
CPU operation which requires no further data from the memory. Alter¬ 
natively, an additional memory read may be required in order to get 
more data upon which to operate. Once this data is obtained, it may be 
necessary for further machine cycles to be executed in order to complete 
the execution phase for the instruction. 


Q7 Use one of the answers below to complete the following sentence: 

'An algorithm is . . ' 

(a) a set of instructions in the form of a computer program. 

(b) a set of mathematical tables. 

(c) a set of steps designed to show how a problem can be solved. 

(d) a pictorial representation of a computer program. (I min) 

A7 (c) a set of steps designed to show how a problem can be solved. 


Q8 Briefly describe the function of a monitor program within a micro¬ 
computer system. (4 min) 

A 8 A monitor program in a small microcomputer system is one which 
generally executes as soon as the computer is switched on. For this 
reason, the monitor program, is normally resident in a read-only 
memory (ROM). Its main functions are to allow the user easy access to 
the computer memory, since the programs in the monitor include such 
features as keyboard scanning, output to a display, tape reading and 
writing etc. In addition, some simple facilities generally exist which 
allow the user to enter numbers in hexadecimal form directly into the 
computer memory, to tabulate these in a convenient manner, and to 
execute the programs which are written in this way. More sophisticated 
monitor programs may include facilities such as tracing the execution of 
a program by allowing direct access to information in a register at each 
instruction step. This may also include a single-step facility. 


Q9 What is meant by the term ' addressing mode ’? Explain your answer 
with examples of two different addressing modes found in a common micro¬ 
processor instruction set. (5 min) 

A9 An addressing mode is the means used by a computer to determine 
the location of the data to be operated upon by an instruction. 


Two common addressing modes are register and direct addressing; 
these are illustrated in the examples below. 

Register Addressing 

The instruction LD A, B is an example of register addressing, since the 
location of the data is determined by the names of the registers used in 
the instruction. 

Direct Addressing 

The instruction LD (1800H), A is an example of an instruction that uses 
direct addressing. In this particular case, the address which receives the 
data is specified as part of the instruction. 

[Tutorial note: The answer to this question could have included many 
other types of addressing mode, including indirect addressing, implied 
addressing, indexed addressing, relative addressing etc.] 


Q10 The trace table given below was obtained from a computer program 
that contains only load instructions. By examining the table , write down 
the program which produced it. 



Registers 

Memory 

PC 

A 

F 

B 

C 

D 

E 

H 

L 

1850H* 

1851H* 

0100 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0102 

AA 

00 

00 

00 

00 

00 

00 

00 

00 

00 

0105 

AA 

00 

00 

00 

00 

00 

18 

50 

00 

00 

0107 

AA 

00 

BB 

00 

00 

00 

18 

50 

00 

00 

0108 

AA 

00 

BB 

00 

00 

00 

18 

50 

BB 

00 

010A 

AA 

00 

BB 

00 

00 

00 

18 

51 

BB 

00 

010B 

AA 

00 

BB 

BB 

00 

00 

18 

51 

BB 

00 

010C 

AA 

00 

BB 

BB 

00 

00 

18 

51 

BB 

AA 


* Hexadecimal. 


(5 min) 

A10 The program must be as follows: 


Address 

Mnemonic 

0100 

LD A, AAH 

0102 

LD HL, 1850H 

0105 

LD B, BBH 

0107 

LD (HL), B 

0108 

LD L, 51H 

010A 

LD C, B 

010B 

LD (HL), A 


Qll For each of the instructions given below , state which of the general 
instruction groups they come from: the data transfer group , the arithmetic 
and logic group , or the flow of control group. 

(a) AND B 

(b) JP NZ y 1536H 

(c) HALT 

(d) LD HL, 6022H 

(e) CALL0528H 

(f) ADD A, (HL) 

(g) INC C 

(6 min) 

All (a) Arithmetic and logic group 

(b) Flow of control group 

(c) Flow of control group 

(d) Data transfer group 

(e) Flow of control group 

(f) Arithmetic and logic group 

(g) Arithmetic and logic group 


QI2 In a computer prograniy what is meant by the following terms: 

(a) loopy and 

(b) loop counter. (5 min) 

A12 (a) A loop is the body of a program that may be repeated a 
number of times. Since the computer is an ideal tool for performing 
repetitive operations, loops form a very important part of many types of 
program. 

(b) A loop counter is used to determine how many times a loop is 
repeated. Generally, the loop counter consists of a register that initially 
contains the number of loops to be executed. On each pass of the loop, 
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BTEC: MICRO-ELECTRONIC SYSTEMS II ( continued) 


this number is decremented, and when it reaches 0 the loop is terminat¬ 
ed. For microprocessors which contain only a limited number of regis¬ 
ters, the loop counter can be set up equally easily in a memory address. 


Q13 With reference to Fig. /, answer the following questions. 

(tf) What type of memory chip is shown? 

( b ) How many bits can be stored by the chip? 

(c) How many eight-bit bytes can be stored by eight of these chips 

within a system ? (4 min) 



TOP VIEW 


Fig. 1 

A13 (a) The device shown is an erasable programmable read-only 
memory 

(b) One of the chips shown can store 32768 bits. 

(c) Eight such chips could store 32 Kbyte, each byte consisting of 
eight bits. 


Q14 Briefly explain the main differences between the two types of 
memory device commonly found in microprocessor systems. {4 min) 

A14 The two main types of memory found in microprocessor systems 
are random-access memory (RAM) and read-only memory (ROM); their 
main characteristics are indicated below. 

RAM 

RAM circuits hold data only while power is applied; that is, they are 
volatile. However, data can be written into them and read from them 
with a very fast access time. 

ROM 

ROMs are non-volitile. They retain their data even when power is 
removed from the system and are therefore useful for programs which 
need to operate as soon as a system is switched on. However, data 
cannot be changed in them since they are read-only devices. Generally, 
they have a slightly slower access time than RAM chips. 


Q15 The binary number found in any memory address in a computer 
system can be classified in one of three ways. What are they? {3 min) 

A15 The binary number found in any memory address may be either 

(a) an instruction to the central processing unit 

(b) a byte of data which is to be used by the program, or 

(c) ‘garbage’; that is, information has not been placed in that parti¬ 
cular memory address and it, therefore, contains random data that was 
present just after the computer was switched on. 


Q16 Some devices in computer systems are referred to as having ' tri¬ 
state ' outputs. Briefly explain what this means. (4 min) 

A16 A tri-state device is one which can have one of three possible 
states on its output at any moment. These states are logic 1, logic 0, or 
an open circuit (or very high impedance). The last state is used when¬ 
ever an output is connected to a common data bus line. If the system 
does not require an output from a particular chip, it can set the output 
of the chip in an open-circuit condition so that other devices can then 
use the common data highway. 


Q17 Draw a block diagram to show the internal structure of a typical 
memory device , making sure that it is clear where the address and data 
lines are connected. (5 min) 


A17 The internal structure of a typical memory device is shown in the 
sketch. 



Oq O1O2 O3O4 O5O6O7 


—v— 

DATA BUS 


Q18 Describe the function of a unidirectional buffer and a bidirectional 
buffer and briefly explain where each one can be found in a microprocessor 
system. (4 min) 


A18 A unidirectional buffer is a device that is used to improve the 
current drive capability of an output pin. Since most output pins of 
microprocessor chips have only limited current output, unidirectional 
buffers are used to increase this capability and therefore allow them to 
drive a large number of other devices; that is, a buffer increases the 
fan-out of any particular output. Undirectional buffers are generally 
found in the address bus lines. 

A bidirectional buffer consists of two unidirectional buffers connected 
‘back to back’. It has two data input/output lines and a direction 
control input. Although it can be used for transmission of data in either 
direction, only one direction can be used at any moment. They are gen¬ 
erally connected in the data bus. 

Both types of buffer generally have a control input which allows the 
output to be placed in an open-circuit (tri-state) condition. 


Q19 Switches provide a very common type of data input to 
microprocessor-based systems. Briefly describe the major problem associ¬ 
ated with accepting data from switches and indicate how this can be over¬ 
come. (4 min) 


A19 All switches exhibit ‘switch bounce’, a condition associated with 
the closing and opening of mechanical contacts, which rarely happens 
cleanly. The switch contacts tend to bounce open and closed very 
rapidly at the time of making or breaking. This can lead to the com¬ 
puter believing that the switch has been turned on and off very quickly 
and hence leads to false data inputs. 

The simplest method of overcoming the problem is to use a software 
debounce program. This consists of a short time delay, typically 10 ms, 
which can be used so that any bounce of the contacts will have settled 
before the data is read from the switch. Switch bounce is associated not 
only with toggle switches but also with keyboard contacts and other 
types of mechanical input. Alternative methods which require extra 
hardware, such as latches or resistor capacitor networks, can also be 
used to overcome the problem, although this would probably be a more 
expensive solution than a simple delay in the computer program. 

Questions and answers contributed by D. Turner 
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